Watt-hour meter  Final report by unknown
CASE F I L E  
FINAL REPORT 
WATT-HOUR METER 
CONTRACT NO. NAS 5-1 
Prepared for 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 
BY 
EMR -AEROSPACE SCIENCES 
EMR DIVISION 
WESTON INSTRUMENTS, INC. 
COLLEGE PARK. A4ARYLAND 
https://ntrs.nasa.gov/search.jsp?R=19710004048 2020-03-12T00:41:47+00:00Z
F I N A L  R E P O R T  
WATT-HOUR M E T E R  
CONTRACT NO. NAS 5-1 1524 
P repa red  for  
NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 
GODDARD S P A C E  F L I G H T  C E N T E R  
G R E E N B E L T ,  MARY LAND 
EMR -AEROSPACE SCIENCES 
EMR DIVISION 
WESTQN INSTRTJMENTS, IN@, 
COLLEGE P A R K .  U R Y E A N D  
'TAB 1,E OF' 60Nr41'E,S\;i'Z'S 
---- -- -UP----- 
CHARACTERETICS SECTION 1 
OPERATING INSTRUCTIONS SECTION 2 
THEORY O F  OPERATION SECTION 3 
ALIGNMENT PROCEDURES SECTION 4 
EQUIPMEW< PHOTOGRAPHS SECTION 5 
PRINTED CIRCUIT CARDS SECTION 6 
SCHEMATICS SECTION '9 
WIRE LISTS SECTION 8 
PARTS L E T S  s ~ G r 1 O - h ~  9 
TlMING TES'I? 5klEETS SEG?ICJN 10 
SECTION I 
GHARACTERESrl'ICS 
I N T R O D U C T I O N  
S P E C I F I C A T I O N S  
1.1 INTRODUCTION 
The  Watt-Hour M e t e r  i s  a  ve r sa t i l e  and a c c u r a t e  i n s t rumen t  f o r  m e a s u r -  
ing watt-hours  and a m p e r e - h o u r s  over  a  wide range  of vol tages and 
c u r r e n t s .  The voltage and c u r r e n t  inputs can  be widely sepa ra t ed  i n  
voltage potent ial  f r o m  each  other  and f r o m  e a r t h  ground with no  degrada t ion  
i n  measu r ing  pe r fo rmance .  In addition, accu racy  i s  maintained ove r  the 
f requency  range  f r o m  DC t o  100 Hz. 
The Watt-Hour Mete r  u s e s  voltage- to-frequency conversion techniques 
i n  o r d e r  t o  obtain a  pulse  r a t e  which i s  propor t iona l  t o  the watt-hour  and  
ampere -hour  inputs.  F o u r  sol id  s ta te  coun te r s  i n  the in s t rumen t  accumu-  
l a t e  and  s t o r e  the posi t ive and negative wat t -hours  and positive and 
negative a m p e r e - h o u r s .  E a c h  can  be se l ec t ed  f o r  display on a  s ix-digi t  
Nixie readout.  The  output of each  counter  i s  cornmutated into a  s ingle  
s ix-phase  BCD output f o r  pr intout .  Relay contact  c lo su re  outputs a r e  
a l s o  provided fo r  e a c h  of the four  outputs permi t t ing  the use of ex t e rna l  
coun te r s .  The voltage and c u r r e n t  inputs a r e  indicated on f ront  pane l  
m e t e r s .  
1.2 SPECIFICATIONS 
Watt-Hour Mete r :  
Voltage Ranges: 3, 30, 300 volts full  sca le .  3 ,  10, 
30, 100, 300 volts full  s ca l e  on 
f ront  pane l  m e t e r .  
C u r r e n t  Ranges 100 mi l l ivo l t s  shunt full sca le .  5a ,  
( E x t e r n a l  shunt):  50 mil l ivol ts  with 10070 over - ranging .  
50a, 50 mil l ivol ts  shunt with lo070 
over  - ranging, 
Readout, S torage ,  9999. 99 watt-hours  positive and  
and P r i n t  Capacity: 9999.99 wat t -hours  negative (Six 
comple te  digi ts  on Nixie readout ) ,  
C u r r e n t  Shunt The  c u r r e n t  shklnt lnput is  i so la ted  
Isolation: so that the  shunt can be placed a t  any 
potentla1 f r o m  5 volts above the posi-  
t l v c  volt , lrpc 1ni)tit i o 5 volts below the 
nc>g&f,~\ c, \, o i t a g c  iripbt, 
Ampere-Hour Meter: 
C u r  rent  Ranges 
(External  shunt): 
Readout and Storage 
Capacity: 
Accuracy: 
Overa l l  Instrument: 
Overload Protect ion:  
Print-Out and Reset  
Capability : 
Logic and Level t o  
P r i n t e r :  
P r i n t  Command: 
P r i n t  Command: 
E a r t h  Ground 
Isolation: 
Input Impedance : 
Frequency:  
Ope rating 
Tempera ture :  
100 millivolts shunt full sca le .  5a, 
50 millivolts with 10070 over-  ranging. 
5 Oa, 50 millivolts shunt with 10070 
over -ranging. 
999.999 ampere-hours  positive and 
999.999 ampere-hours  negative 
(Six complete digits on Nixie readout). 
& l %  
Ten t imes  maximum ra ted  inputs 
will  not damage instrument.  
1248 Posi t ive Logic, Logic "1" 
equals 15 volts, Logic "0" e qua1 s 
0.2 volts.  
F r o n t  panel o r  by remote  contact 
closure.  Al l  four s to red  readings 
a r e  then printed in sequence (on 
external  pr in ter ) .  Bypass p ro -  
visions a r e  included on front  panel 
which w i l l  inhibit printout  of any 
of the four s tored  readings. 
15 volt positive pulse. 
All inputs a r e  e lec t r ica l ly  i so la ted  
f r o m  e a r t h  ground. 
10 Megohm common mode and 20 
Megohm differential on voltage 
inputs. 1000 ohm on c u r r e n t  input. 
BC t o  100 Hz. 
+ l o O c  to t35Oc 
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SESCTlOL\I L 
OPERATING PNST RUCTIONS 
2.1 GENERAL 
The following ins t ruc t ions  explain the use  of a l l  f ront  pane l  cont ro ls  and 
all connec tors  on the in s t rumen t .  Complete  de ta i l  f o r  the connec tors  i s  
contained in  Sect ion 6 - W i r e  Lis t .  
2.2 CONTROLS AND CONNECTORS 
RANGE SWITCHES - Se t  the VOLTAGE RANGE and CURRENT 
RANGE swi tches  t o  the d e s i r e d  ful l - range sca l e s .  
VOLTAGE INPUT - Connect t o  e i t he r  J 4  on the r e a r  of the 
in s t rumen t  o r  t o  J 2  on the f ront  panel .  P i n  A of 54 
i,s positive and pin B is  negative input.  
CURRENT INPUT - Connect leads  f r o m  the 50 mil l ivol t  
shunt to 5 3  on the r e a r  o r  J l  dn the f ront  panel.  
MONITORING COUNT - Rotate the SELECTOR SWITCH t o  
moni tor  any of the four  counters .  
PRINTER OUTPUT - A p r i n t e r  may  be dr iven  f r o m  55 on the 
r e a r .  Six digi ts  a r e  provided, p lus  a code digit. The 
logic i s  1248 BCD, Pos i t ive  "1". The  code digit r e a d s  
a s  follows: 
3 = Negative ampere -hour s  
2 = Posi t ive  ampere -hour s  
1 = Negative watt-hours  
0 = Posi t ive  watt-hours  
The  four  readings  a r e  pr in ted  out i n  sequence.  However,  
any of the above readings can  be bypassed with the SKIP 
toggle switches on the f ront  panel ,  
P R I N T  COb.4MAN.D - 'The printor~t  sequence of readings to  the 
p r i ~ i t e r  can be 7rtiti;Tteii hy: (1) pushing the PRINT button 
on the f ~ o r i t  parlel dii3 j L )  applying a REMOTE PRINT 
signal (contact closure between pins E and F of connector 
J6 ) ,  
RESET - The four counters  can be r e s e t  by: (1) pushing the 
RESET button on the front panel which r e s e t s  the 
counter selected on the SELECTOR SWITCH, ( 2 )  the 
REMOTE RESET signal (contact c losure  between pins 
G and H of connector 56) will r e s e t  a l l  four counters .  
PRINT & RESET - The external  contact c losure  between pins 
C and D of connector J6  ini t iates  the pr in t  sequence 
t o  the pr in ter ,  af ter  which a l l  four counters  a r e  r e se t .  
EXTERNAL COUNTERS - A 60 mil l isecond contact c losure  i s  
provided for  external  counters  fo r  each of the four 
channels. The external  counter m u s t  be capable of 
receiving three  counts p e r  second. The Watt-Hour 
Counter output pulse ra te  i s  always a 0.833 counts p e r  
second full  scale o r  3, 000 counts p e r  hour full sca le  
r ega rd less  of the sca le  used. This  feature takes advantage 
of the maximum count ra te  of the external  counter.  The 
Ampere-Hour Counter produces 2.7 counts p e r  second 
o r  10, 000 counts p e r  hour on both sca les .  These contact 
c losure  outputs a r e  negative ampere-hours  between 
pins C and D of J7, positive ampere-hours  between pins 
C and D of 58, negative watt-hours between pins C and 
D of J9, and positive watt-hours between pins C and D 
of connector Jl0. 
2 . 3  OPERATOR ADJUSTMENT 
If counts a r e  regis ter ing  in ei ther  the (t) Watt Hour counter o r  ( - )  Watt 
Hour counter when no signal i s  applied, pe r fo rm the following: 
a .  P lace  shor t  a c r o s s  J1 and J 2  on the frony panel. 
b.  P lace  ampere  range swltch to 100 amps and voltage range 
switch to 300 volts 
c Connect one t r a c e  of a dual t r ace  osrl l loscope between g ray  
t e s t  point board 1 1 and the floatlng ground t e s t  point. Connect 
other t r ace  of oscilloscope b e t w e ~ n  blue tes t  board 1 1  and 
floatlng g r o r ~ n d  t e s t  polnt 
d Sync scope f r a i n  the  g i a v  t c  4t 7io~i1t 
c. A d j u s t  d r l f t  a d j u s t  pot  on f L orii panel  f o r  no relative ~ n o t l o n  
b e t w e e n  the t w o  t r a c e s  oil tile oscilloscope. 
f .  Disconnect tes t  e q u i p m e n t  R e t u r n  WHM to normal operation. 
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THEORY OF O P E R A  TION 
3.1 INTRODUCTION 
The Watt-Hour Meter  i s  basical ly a voltage-to-frequency conversion 
device, with a mult ipl ier  t o  provide watt-hours, A Nixie readout provides 
a convenient display and a control circuit  adds the capability of completely 
remote  operation. Referr ing  to  the Block Diagram shown in F igure  3-1 
and the respective e lec t r ica l  schematics will supplement the following 
discussions.  
3.2 CURRENTBUFFER 
The Cur ren t  Buffer shown on drawing 01-22-503 utilizes a chopper- 
s tabi l ized operational amplif ier  to provide a voltage gain of 100. High 
accuracy i s  obtained since the chopper- stabilized amplif ier  exhibits 
ext remely  low dr i f t  and offset. Fu l l  scale input voltage of 100 millivolts 
produces an  output voltage of 10 volts. 
3.3 VOLTAGE BUFFER 
The Voltage Buffer shown in  drawing 01-22-703 fea tures  10 Megohm input 
inpedance, voltage ranging, 300 p e r  cent c ommon mode voltage immunity, 
and overload protection. These cha rac te r i s t i c s  a r e  obtained by employing 
a good quality F E T  operational amplif ier  in  the difference c i rcui t  a r range-  
ment. Fu l l  scale operating voltages a r e  3 volts output and 3, 30, and 300 
volts input. The voltage range switch on the front panel se lec ts  the p roper  
feedback res i s to r s .  
3.4 CURRENT INTEGRATOR 
The Cur ren t  Integrator  shown in drawing 01-22-403 i s  a continuous 
integrat ing device with negligible r e s e t  t ime. The output of the Cur ren t  
Buffer i s  applied to  pin 28 of the Current  Integrator  card .  This  voltage 
i s  applied direct ly to the input summing point of integrating amplif ier  
A2 through r e s i s t o r s  R1 and R3. The input f rom the Cur ren t  Buffer i s  
inver ted  by operational amplif ier  A1 and i s  a l so  applied through r e s i s t o r s  
R10 and R11 to  the input summing point of integrating amplifier A2 when 
field effect t r ans i s to r  Q l  i s  "ON". The integrating amplif ier  i s  followed 
by a 4-10 volt and -10volt threshold detector ,  The output of each threshold 
detector  i s  passed through a one-shot c i rcui t ,  The one-shot outputs are  
combined and toggle flip-flop ( IG9)  The f l ~ p - f l o p  output controls  the 
state of input f ield effect transistor QS whlch I D  turn controls  the znput polarity 
of the signal applied to integrating arnpllfl e r A2, TIre sntegratiriy sequence 
P K  TEANA L 
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2- 
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t he re fo re  occurs  a s  follows: Assurnirrg a positive voltage applied to 
pin 28 and a Q1 "off" ini t ia l  condition, the input voltage through R1 and 
R 3  will  cause  the integrat ing a n l p l i f i e ~  to produce a negative l i nea r  
r a m p  output. When the output of integsat lng ampl i f ie r  A2 r e a c h e s  
-10 volts,  a pu lse  wil l  be produced  by the -10 volt de tec tor  (Amplif ier  A4) 
which wil l  toggle fl ip-flop IC9. The  Q output of the IC9 flip-flop will 
t u r n  "on" the Q l  f ie ld  e f fec t  transistor switch Since the c u r r e n t  through 
the R10 and R11 r e s i s t o r s  i s  of opposlte polar i ty  and i s  p rec i se ly  twice the 
c u r r e n t  through r e s i s t o r s  R1 and R3 ,  the output of the integrat ing ampl i f ie r  
wil l  r e v e r s e  in  d i rec t ion  producing a posi t ive l i n e a r  r amp .  The  output 
of the in tegra t ing  ampl i f ie r  p roceeds  positively unt i l  t10 volts i s  r eached  
a n d  the i-10 volt th reshold  de tec tor  gene ra t e s  a pulse which togglest~fl'ip-flop 
IC9. The  "Q" output of the f l ip-f lop t u r n s  "off" Q l  and the above sequemce 
of events  repeat .  The  integrat ing amplif ie  r  ' s  posi t ive and negative 
t ime  cons tan t  , i s  equal  providing a continuous integrat ion of the applied 
c u r r e n t  input t o  the unit. With a negative input, the i n t eg ra to r  ope ra t e s  
the s a m e  a s  the above descr ip t ion  except  the Ql  "off" s ta te  r e su l t s  in a 
posi t ive l i n e a r  r a m p  being produced  by the integrat ing ampl i f ie r .  When 
th i s  output voltage r eaches  t10 vol ts ,  the t10 volt t h re sho ld  de tec tor  wi l l  
p roduce  a toggle pulse  fo r  the IC9 flip-flop. The threshold  de t ec to r ' s  
output and  s t a t e  of the IC9 flip-flop the re fo re  de t e rmines  i f  a  positive o r  
negative ampere -hour  count should be produced. 
The  count output c i rcu i t ry ,  consis t ing of two flip-flops (IC6) and  the s i x  
a s soc i a t ed  ga tes ,  s e r v e s  t o  e l imina te  counting e r r o r s  due t o  j i t t e r  by 
requi r ing  a "set"  count on e i t h e r  output flip-flop before  a count i s  allowed 
t o  r each  that  output te rmina l .  
T h e  unijunction t r a n s i s t o r  Q5, along with Q4 and Q6, produce a pulse 
t o  unlatch the  c i r c u i t  i n  the event  that the pulse f r o m  the flip-flop (ICY) 
does not switch Q1 and, a s  a r e su l t ,  the output of the integrat ing ampl i f i e r  
(AZ) s a t u r a t e s  above 10 volts.  Such a katch-up condition m u s t  be c o r r e c t e d  
s ince  i t  would completely d isab le  the in tegra tor .  
The  ful l  s ca l e  input t o  the c u r r e n t  i n t eg ra to r  i s  10 volts posi t ive o r  
negative. The  fu l l - sca le  output i s  27 counts  p e r  second and the  polar i ty  
of the input de t e rmines  which output produces  the pulses .  
3.5 MULTIPLIER AND PULSE SUBTRACTOR 
T h e  Mult ipl ier  shown on drawing 01-22-603 takes  voltages whlch r e p r e -  
s en t  input voltage ( E )  and input c u r r e n t  (I) and produces  an  output pu lse  
count which i s  propor t iona l  t o  the product  of E and I. The c i r cu i t  u t i l i zes  
the relationship E l  = (114) [ (E-t-112 - ( E - I ) ~ ] .  Surnrnrng arnpl l f ier  Al 
produces  (ES-I) and difference arnpilfler A5 produces  (E-I), ArnpXlf~ers 
A 2  and A6, In conjunction wrth tbe l r  16 volt t l i l tx ihol t i  de t ec to r s ,  produce a 
2KHz triangular waveform oscilla-tion when input E and P a r e  ze ro .  A 
positive o r  negative input voltage to  arnpl l f iers  A2 and A6 reduce the  voltage; 
thus,  (E t 1)' a r e  genera ted .  The  pulse sub t r ac to r  and a scaling of 1 / 4  c o m -  
plete the EI fo rmula .  T h u s ,  E t i m e s  I h a s  been  gene ra t ed  using c i r c u i t s  
which can  only add, sub t r ac t ,  and s q u a r e .  
A r eve r s ing ,  constant  c u r r e n t  sou rce  i s  impor tan t  t o  the operat ion of the 
squaring c i r cu i t .  It i s  gene ra t ed  a s  follows: the switching c i r cu i t  Q l ,  Q2, 
and Q3 i s  switched by the la tching c i r cu i t  following the + 10 volt de t ec to r s  
- 
a t  which t i m e  i t  r e v e r s e s  the polar i ty  of the cons tan t  c u r r e n t  "k" applied 
t o  the summing point of ampl i f ie r  A2. The  c i r c u i t  of Q4, Q5, and Q6 p e r f o r m s  
the s a m e  function f o r  ampl i f ie r  A6. 
The  Pu l se  Subt rac tor  u s e s  47 pf capac i to r s  t o  gene ra t e  a s h o r t  pulse of 
only 20 n second.  This  g rea t ly  r educes  the possibi l i ty  of coincidence of 
the two pulse t r a i n s  being subt rac ted .  A " se t - se t - coun t ' '  output c i r c u i t  is 
used  t o  e l imina te  fa l se  counts  due t o  j i t ter  i n  the 2KHz osc i l l a to r s .  
3.  6 WATT-HOUR COUNTERS AND AMPERE -HOUR COUNTERS 
The opera t ion  of t hese  two types  of counters  i s  s o  s i m i l a r  tha t  only one 
descr ip t ion  of opera t ion  i s  n e c e s s a r y .  The coun te r s  a r e  shown on drawings  
01-22-203 and 01-22-303. 
Inhibit c i r cu i t  - The  Counter  m u s t  r e m a i n  fixed during the t i m e  a reading  
i s  being t r a n s f e r r e d  to  the p r i n t e r .  If a count i s  t r a n s m i t t e d  f r o m  the 
"cu r ren t  i n t eg ra to r "  o r  f r o m  the "mult ipl ier"  during th i s  t r a n s f e r  in te rva l ,  
i t  i s  s t o r e d  i n  a R S  flip-flop until  t r a n s f e r  of the reading  to  the p r i n t e r  i s  
comple te .  Then  the  count i s  t r a n s f e r r e d  on t o  the Counter  and i s  counted. 
T r a n s f o r m e r  T 2  conve r t s  the pulse t o  "ea r th  ground" potential  and d i r e c t s  
the pulse into the inhibit  c i r cu i t .  
- After  pass ing  through the inhibit c i r cu i t ,  the count pulse i s  appl ied 
to the decade coun te r s .  The  f i r s t  s tage of the Ampere -Hour  Counter  o r  any 
of the f i r s t  t h r ee  s t ages  of the Watt-Hour Counters  may  be bypassed  depend- 
ing on the set t ing of the range  swi tches .  Th i s  p rope r ly  s ca l e s  the output. 
Read  .- A "read" command  i s  r equ i r ed  t o  switch "on" a l l  BCD output cont ro l  
ga tes  before they can  be sen t  t o  the Nixies o r  t o  the p r i n t e r .  
o r  r emote  counter  - The count output pulse t r a i n  f r o m  e a c h  
of the four  decade Counters  i s  provided t o  dr ive  a n  ex te rna l  counter .  A 
one-shot  and a r e e d  r e l ay  provide a 60 mi l l i second contact  c lo su re  f o r  
dr iving the ex t e rna l  counter .  
3 . 7  DRIVER C A R D  
'The Six ~ r ' i v e r  Cards ,  shown on drawing 0 1 - 2 2 -  103,  rece ive  binary -coded 
d e c i n ~ a l  readings  f r o m  whichever counter  i s  commanded t o  " r e a d 1 ' .  The 
Nixie d r ive r  (SN7441N) d r ives  the Nixie tube and the t r a n s i s t o r  d r i v e r s  
apply the 1248 BCD input to  the p r i n t e r .  
CONTROL CIRCUIT 
The  Control Ci rcu i t ,  shownon drawing 01-22-503,  r e c e i v e s  commands  f r o m  
the front  panel and f r o m  remote  inputs .  In t u r n ,  i t  gene ra t e s  and  coord ina tes  
the commands  which cont ro l  the opera t ion  of the Watt-Hour Mete r  and  the 
ex t e rna l  p r i n t e r .  
When the PRINT button i s  pushed o r  a  Remote P r i n t  Command s igna l  i s  
rece ived ,  the P r i n t  RS F l ip -F lop  i s  switched to  i t s  "set" s t a t e .  The  "set"  
output pulse r e s e t s  the Count to  F o u r  Counter  (SN7473N) sending a  "read" 
command  to  the Minus Ampere-Hour  Counter  C a r d .  The  "set"  pulse a l s o  
t u r n s  on the Astable  Osc i l la tor  (Q4) which sends  out a  "pr in t  command" 
pulse and the f i r s t  reading i s  pr in ted .  The  Astable  Osc i l la tor  pauses  and 
then ,  s imultaneously,  s t eps  the "Count to  Four  Counter"  and sends  out a  
"print  command" pulse about eve ry  one -half second until  the "Count to  Four  
Counter"  r e a c h e s  z e r o  (sequence i s  0 ,  1, 2 ,  3 ,  0)  a t  which t i m e  the "Count 
t o  Four  Counter"  r e s e t s  the P r i n t  RS F l ip -F lop .  
If any of the SKIP toggle switches a r e  on, the Count to  Four  Counter  r ipp les  
ahead until i t  r e a c h e s  a  number  where  tha t  toggle switch i s  not switched on. 
When the RESET button i s  pushed, a  DC r e s e t  s ignal  i s  t r ansmi t t ed  to  the 
Counter  s e l ec t ed  by the SELECTOR switch.  
When the Remote  R e s e t  s ignal  i s  rece ived ,  a l l  four  Counters  a r e  d i r ec t ly  
r e s e t  t o  z e r o .  
When a Remote  P r i n t  and R e s e t  command  i s  rece ived ,  the pr in t  cycle  i s  the 
s a m e  a s  when the PRINT button i s  pushed.  In addition, the RESET f l ip- f lop  
i s  s e t  which c a u s e s  a l l  four  counters  to  be r e s e t  a f t e r  the p r in t  cycle  i s  c o m -  
p le te .  
T r a n s i s t o r  Q3 i s  p a r t  of a  one-shot  which produces  a  r e s e t  pulse width of 
100 mi l l i seconds .  Th i s  pulse width i s  r equ i r ed  to  prevent  the counter  boards  
f r o m  t r ansmi t t i ng  a  fa l se  count t o  the ex t e rna l  counters  a t  the t ime  any of the 
four  C o u r l t e ~ s  a r e  r e s e t .  
Trans i s to r s  Ql and Q 2  es tabl ish  the P r i n t  Fl ip-Flop and the Reset  
Fl ip-Flop in  the i r  r e s e t  mode when power i s  applied t o  the circuit .  
Otherwise, unwanted print  command and rese t  pulses  would be sent 
out by the Control Circuit.  
SECTION 4 
ALIGNMENT P R O C E D U R E S  
4.1 E Q U I P M E N T  R E Q U I R E D  
4 .2  C U R R E N T  B U F F E R  
4.3  V O L T A G E  B U F F E R  
4.4 C U R R E N T  I N T E G R A T O R  
4.5 M U L T I P L I E R  
SECTION $ 
A L I G N M E N T  P R O C E D U K E S  
4 . 1  EQUIPMENT KEQUIKED 
T h i s  sect ion d e s c r i b e s  the  al ignment  p rocedure  f o r  the Watt-Hour 
Mete r .  The  following equipment  i s  r equ i r ed  t o  p e r f o r m  t h i s  alignment.  
a .  Digital Vol tmeter  having a t  l e a s t  4 p lace  readout  and 
0.0170 accuracy .  
b.  Frequency  counter  with 10 second per iod  counting capabili ty.  
c .  Osci l loscope - dual t r a c e .  
d. P r e c i s i o n  voltage supply with 0.0170 a c c u r a c y  - voltage 
range  f r o m  1. 0 mi l l ivo l t s  t o  0.1 vol ts .  
e .  P r e c i s i o n  voltage supply with 0.01% a c c u r a c y  - voltage 
r ange  f r o m  0. 3 vol t s  t o  300. 0 vol t s .  
f .  Stopwatch. 
g. Audio s ine  wave gene ra to r .  
h. RMS m e t e r .  
i. Two r e s i s t a n c e  decade boxes.  
CURKENT BUFFEK 
a. P l a c e  a jumper  a c r o s s  J1 on the f ron t  panel .  Connect DVM 
between Ked t e s t  point and b lack  t e s t  point on Board  13 
and ad jus t  po ten t iometer  R 3  until  DVM r e a d s  0 .000  f 
.002  vol ts .  
b. Connect p rec i s ion  voltage supply t o  J1 and ad jus t  supply 
t o  t100. 0 * . l  mi l l ivo l t s ,  Adjust R 4  s o  tha t  the DVM r e a d s  
-10.00 vol t s  *. 01 vol t s .  
VOLTAGE B U F F E R  
a, Place  a jumper acrcjss SZ orr the front  panel, Connect ElVM 
between Red test poirit and Black test  poifit or? boa rd  
14 and adjust  potent iometer  RlO until  DVM r e a d s  0,000 i , 002 
vol ts  with the voltage r ange  switch in  the 3V posi t ion,  
b .  Remove the jumper  and apply $3.000 f .001 v o l t s - t o  52.  
The  DVM should r e a d  -3.000 , 0 0 3  vol ts .  Change vol tage 
r ange  switch t o  30 volt posi t ion and apply t30 .  000 f .001 
vol t s  t o  J 2 .  The DVM should r e a d  -3.000 * . 003  vol ts .  
Change the  vol tage range  switch t o  300 vol t  posi t ion and apply 
t300.00 f . 03  vol ts  t o  J2. The  DVM should r e a d  -1.000 f 
. 003  vol ts .  If the  preceding  readings  a r e  not withing 
to l e rance ,  the following p rocedure  5 .3  ( c )  m u s t  b e  followed. 
c .  If the fu l l  s c a l e  output m e a s u r e d  i n  (b)  i s  out of t o l e r ance ,  
connect  a s ine  wave gene ra to r  between (t) input of 5 2  and  
B lack  t e s t  point on boa rd  14 (Reference  drawing 01-22-703). 
s e t  f requency  to  100 c p s  and RMS voltage t o  2 vol ts .  Attach 
RMS m e t e r  i n  pa ra l l e l  with DVM between Red t e s t  point 
and b l ack  t e s t  point boa rd  14. Remove the  two r e s i s t o r s  
which a r e  i n  s e r i e s  with the  out-of- tolerance switch pos i t ion  
i. e . ,  r emove  R39 and K36 if the fu l l  s ca l e  output i n  the 3V 
posi t ion w a s  out of to le rance .  Attach Decade Boxes i n  p l ace  
of the  r e s i s t o r s  removed.  Adjust r e s i s t o r  va lues  so tha t  
t he  output is within 0.1 p e r  cent  of the c o r r e c t  value and  
the  RMS m e t e r  va lue  i s  min imum.  The  r a t io  of r e s i s t a n c e  
between the  two feedback l e g s  d i r ec t ly  effects  the common-  
mode  re jec t ion  of the ampl i f i e r ;  t he re fo re ,  the l e g s  m u s t  
be  ba lanced  f o r  min imum RMS signal  a t  the ampl i f i e r  output. 
Replace the TBD r e s i s t o r s  with r e s i s t o r s  having the va lue  
de t e rmined  by the decade r e s i s t o r  boxes.  
4 . 4  CURRENT INTEGRATOK 
The C u r r e n t  Buffer  m u s t  b e  adjusted be fo re  t h e s e  ad jus tmen t s  c a n  b e  
made .  
Drift  Adjus tments  
a. Apply about 1. 0 m v  t a  Jl on f ron t  panel.  Connect a DVM 
and osc i l loscope  between the r e d  t e s t  point on boa rd  12 and 
the floating ground t e s t  point.  If the voltage a t  this point 
i s  going in  the negative d i rec t ion  a s  observed  on the 
osci l loscope,  p lace  a jumper  a c r o s s  Jl and ad jus t  t r i m p o t  
R13 s o  that the  voltage reading on the DVM does  not change,  
If the voltage is  going in  the posi t ive d i rec t ion ,  wait  unt i l  
i t  r e a c h e s  f10 volts a t  whjch time i t  wil l  change d i r ec t ion  
and the  above p rocedure  can be  p e r f o r m e d ,  
b, Again apply f1,O rnv to  31 on f ront  pane l  and obse rve  the 
osci l loscope,  E the voltage a t  the r e d  t e s t  point boa rd  12 i s  
going in  the posi t ive d i rec t ion ,  p lace  a jumper  a c r o s s  
Jl and ad jus t  t r impo t  R5 s o  that the  voltage reading on the 
DVM does  not change. 
NOTE: T h e r e  i s  s o m e  in t e rac t ion  be tween K 5  and K13 s o  go 
through s t e p s  ( a )  and (b) above s e v e r a l  t i m e s  o r  unt i l  t h e r e  is 
no dr i f t  i n  e i t he r  s t a t e  of the c u r r e n t  i n t eg ra to r .  
5 10 Volt Threshold  Detector Adius tments  
c. P l a c e  a 100 KC2 r e s i s t o r  between the  r e d  t e s t  point and 
g r e e n  t e s t  point on boa rd  12. Connect a DVM between the  r ed  
t e s t  point boa rd  12 and the b lack  t e s t  point b o a r d  13. Connect 
a n  osc i l loscope  be tween the blue t e s t  point boa rd  12 and 
the  floating ground t e s t  point. I nc rease  the vol tage applied 
to  J1 on the f ron t  pane l  t o  about t l O O  m v  (until  the DVM 
r e a d s  t l O . O O  vol ts) .  (NOTE: If DVM r e a d s  n e a r  -10 vo l t s  
ins tead  of t10 vol t s  i n c r e a s e  the vol tage applied t o  J1 
momen ta r i l y  t o  clock IC9 and i n v e r t  the  input vol tage t o  
A2). Adjust R15 until  the osc i l loscope  ind ica tes  tha t  A23 
i s  on the threshold  of switching (between 4 vol t s  and z e r o  
vol t s ) .  Dec rease  the  vol tage applied t o  J1 and then  
i n c r e a s e  i t  again to  check  that  A3 does  switch when the 
DVM r e a c h e s  t10.00 vol t s .  
d. Repeat  s tep  ( c )  with a negat ive vol tage applied t o  J1 and 
-10.00 vol t s  on the DVM. Adjust t r impo t  R 18 s o  tha t  the 
-10 v de tec tor  A4 swi tches  ( indicated by the osc i l loscope  
a t  the g r a y  t e s t  point)  a t  -10. 00 vol t s  on the DVM. 
e.  Remove the 100 ICR r e s i s t o r  connected between r e d  and 
g r e e n  t e s t  point. 
f .  A p p l y + l O O m v + O . I ~ v t o  - J i  o n t h e f r o n t p a n  1. Connect 
counter  with 10 meg  input impedance o r  l i igher between 
orange t e s t  point board  12 and  the floating ground t e s t  point .*  
If counter  does not have high enough input impedance connect 
osci l loscope to  orange t e s t  pnint and dr ive  counter  f r o m  
t r i g g e r  o r  gate output of s cope .  Adjust R 1 t o  give a 10 o r  
100 period ave rage  of 36 .00  + .  005 11-1 s e e .  (,This co r r e sponds  
-- 
to  a n  output pulse  r a t e  of 27. ' 7 7  counts per second.  9 
MU LT IPLIEK 
a. Place jumpers a c ro s s  the J1 and 52 input connectors 
located on the front panel. 
b. Set Drift Adjust pot. on front panel to approximately mid 
position. 
c. Connect counter and oscilloscope between the blue t e s t  
point on board 11 and the floating ground tes t  point. Adjust 
R12 t o  obtain a frequency output of 2000 f 1 Hz. Adjust 
R14 until the signal observed on the oscilloscope i s  an  
exactly symmetr ica l  square wave. Readjust K12 until 
the frequency output i s  2000 f . 2  Hz. 
d. Connect counter and oscilloscope between the gray t es t  
point on board 11 and the floating ground tes t  point. Adjust 
R35 to obtain a frequency output of 2000 * 1 Hz. Adjust 
R37 until the signal observed on the oscilloscope is an 
exactly symmetr ica l  square wave. Readjust K35 until the 
frequency output i s  2000 f .2  Hz. 
e. Remove j u m p e r s f r o m a c r o s s  J l a n d  52 andapp ly+3 .000% 
.001 volts to J2  and t100. 0 f . 1 millivolts to  J1. Set 
the voltage range switch t o  3 volts.  Adjust the frequency a t  the 
blue tes t  point to 1,167 Hz using potentiometer R7 on board P11. 
Reverse polarity of signals to J1 and JL and observe 
frequency a t  the blue tes t  point. If the frequency is not 
1, 167 f 1 Hz,  R15 should b e  adjusted until the frequency with 
both polari t ies a r e  equal. During this  procedure,  R7 may 
require readjustment to  retain the 1,167 Hz frequency. 
f .  The same procedure a s  ( e )  i s  used to adjust the frequency 
at the gray t es t  point with the exception that the voltage 
must  be of opposite polarity a s  the current  input. R33 i s  
used to set  the 1,167 Hz frequency and R38 i s  used t o  
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SECTION 6 
P R I N T E D  CIRCUIT CARDS 

hO'TF:: . Jumpr~r  w i r e s  be tween  P i n s  7 and  10 on IC's 7 ,  8, 9 ,  1 0 ,  11, 12, 1 3 ,  1-4, , t l lcl  
15 not  shown,  l o c a t e d  on f a r  sidct of b o a r d .  
A M P E R E  HOUR C O U N T E R  A S S E h l A L Y  
( R E F )  DWC;, NO, 01-LL-300 
R E D  
G RN 




3 .  
4. 
5. 
6 .  
7. 
The following Jumper Wires  w e r e  not shown. 
Jumper  Wi re ,  F r o m :  Connector P i n  6 
To:  Orange T e s t  Po in t  
Jumper  Wi re ,  F r o m :  C13 
To :  R19 
Jumper  Wi re ,  F r o m :  C14 
T o :  R15 
Jumper  Wi re ,  F r o m :  A1 P i n  D 
To :  Connector P i n  9 
Jumper  Wi re ,  F r o m :  Connector P i n  7 
To:  Junction of C9 and  C10 
Jumper  Wi re ,  F r o m :  Connector P i n  7 
To :  A2 P i n  D 
Jumper  Wi re ,  F r o m :  Connector P i n  8 
T O :  A2 P i n  B 
Jumper  Wi re ,  F r o m :  Connector P i n  8 
TO:  A1 P i n  B 
GIJRRENT TIME INTEGRATOR ASSEMBLY 
( R E F )  BWG.  N O ,  01-22-400 
(SHEET 2 of 2 )  

.TUMPEII W I R E S  L O C A T E D  ON S H E E ' l  2 
R L. _. - - - -- a_. .- .. .L -- - -  -_ - 'A I ~~-i_-"- - . - - _. -. _ .-.I i 
LOCAT' EJj 0";' FiiC)Tri' P A S  i C Z ,  ! ! 
NOTE:  The following Ju.axlper Wires were not shown. 
Jumper Wire, F rom : 
To:  
A1 P in  3 
Connector Pin  10 
Jumper Wire, F r o m :  
To: 
R2 8 
Connector Pin  9 
Jumper Wire, F rom:  
To : 
A2 Pin B 
Connector Pin 8 
Jumper Wire, F rom:  
To: 
A6 Pin B 
Connector Pin  8 
Jumper Wire, F rom : 
To: 
Connector Pin 32 
R13 
Jumper Wire, F rom:  
T 0 : 
Connector Pin  33 
R14 
Jumper Wire, F rom : 
To: 






F r o m :  
T 0 : 
Connector Pin 35 
R12 
F r o m :  
To: 
Connector Pin 36 
R3 6 
F rom:  
T 0 : 
Connector Pin 37 
R3 7 
F rom:  
T 0 : 
Connector Pin 38 
R4 7 
Jumper Wire, F r o m :  
To: 
Connector Pin 39 
R3 5 
MULTIPL,?;ER A N D  PULSE SUH?'R_ACT0R ASSEbABLY 
( R E F )  DWG. NO, 01-22-600  








I /VOTE 5 .' O N L E S S  OTHERW/SE S P E C I F / E O ,  / ALL GATES I R E  6 K 7 4 0 0 N .  
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' 115 V DC UNF/LTERED 
S N  7 4 0 0 N  
I 
L - - - - - - - -1 
TOLERANCES OH 
FRACTlOHS DECIMALS bNGLES WATT HOUR METER 




K E Y  T O  W I R E  LISTS 
F' Plug 
J Jack 
TB Termina l  Board 
T Trans fo rmer  
N Nixie Tube 
S Switch 
W I R E  LJST 
WATT-I- IOUR METER 
W I R E  LIST 
WATT-HOUR METER 

W I R E  LIST 
WAT'T-.T-IOUR M E T E R  
W I R E  LIST 





WATT-HOUR M E T E R  

W I R E  LIST 
W A T T - H O U R  M E T E R  
C a r d  20 Pin  I C a r d  l O  Pin 43 

W I R E  LIST 
W A T T - H O U R  M E T E R  
C a r d  i.3 P i n  1 
J1 & J3, twisted 
shielded pair 
P12-8, #26 w i r e  
P12-9, #22 w i r e  
P13-21, #26 w i r e  
TB1-2, #18 w i r e  
TB1-1, #22 w i r e  
J1 & 53, twisted 
( 0 1  Col lec tor ,  # ? 3  wi-- \  c i  
P l L - 3 ,  #.i8 w i r e  (GR3,  GK-4 cathodes) 
'I'R1.-2, y18 wire 
TB3-2,  #I8 w i r e  
T B 1 - 1 ,  #22 wire 
P13-51, C1, R 1 3  
S1-A Shielded 
Sl -A Shielded 




(122 Collector, 52 & J4 Twisted 
!/L8 wire, C I  1 Shielded Pair 
Q L  B a s e ,  i#18 w i r  S1-B Shielded 
Q 2  Emitter, Sl-B Shielded 
Y18 w i r e ,  C12 ,  








(External  pr in t  
W I R E  LET 






























Pos .  Inhibit 
Pos. Pr int  Command 
Neg ,  Reference 
Pos. Reference 
NOTE: Digit nurnbe 
i s  same as ca,rd 
number ;  e ,  g o ,  c a r d  
P 6  d r i v e s  digit  6, 
P13 d r ives  identifi-  
cat ion code digit ,  
J 6 










Rect i f ie r  Br idge  -+ 
Rectif ier  Br idge  - 
G Bit  
9 Bit  
C Bii; 
D Bi t  
C Bit  
D Bi t  
C Bit  
D Bit  
C Bit  
D Bi t  
C Bit  
D Bi t  
C Bit  
D B i t  
Ground 
f l 1 5 V  DC Output 
1 15V DC Return 
.i-% 15V DC Output 
1 15"J DC Re tu rn  
P r i n t  and R e s e t  
Signal R e t u r n  
33 r int  
Signal  Return 
R e s e t  
S i g n a l  R e t ~ r r n  
W I R E  LIST 

S E G T I O N  9 
P A R T S  LISTS 
SECTION 9 
P A R T S  L E T  
Contact,  Upper  Tier ,  #60-7001- 
05 -13 Var i con  (Elcoj 
In tegra ted  Ckt,  SN'S400N (TI) PC 1 t o  6, 16, 
18 t o  22 
In tegra ted  Ckt, SN9440N (TI) 
In tegra ted  Ckt, SN749ON (TI) 
T r a n s f o r m e r ,  H-48 ( U T C )  
Relay, MRR-lA, 6V 288% 41F4227 
(St ru the  r s  dunn) K1 
T r a n s i s t o r ,  2N2222 (Mot. ) Q l  
Diode, UT236 (Uni t rode)  CRL 
Capac i tor ,  22pf ,  15V, K22C15M8 
(Kemet )  Dipped S i lve r  Mica  6 1 
Capaci tor ,  . 001jJf, CD19FDlOZJ03 
(CDE) Dipped S i lver  Mica 
Capac i tor ,  100 pf, CD15FD101J03 
( C D E )  C e r a m i c  High  K 
Monolythic 
Capac i tor ,  - 4 7  Pf, 25V 
5CO23474XO25 OB3 (Spraque)  
Res i s to r ,  4. 7K, 1/4 W, 5% 
Res i s to r ,  ZK, 1 /4W,  570 
Re's is tor ,  24K, 1/4'W, 5% 
Res i s to r ,  510<n;&, 1/4 W, 5% I R8, RlQ 
Res i s to r ,  4 3 0 0 ,  l / 4 W ,  5% 
Res i s to r ,  2, XK_, 1/4 W, 5%'  
Res i s to r ,  2, 2K, 1/4W, 5% 
Res i s to r ,  I OK, 1 / 4 W ,  5% 
PAR'r 'S L E T  
I?, C. Czrd No, 7 & 8 (2 Watt-IFIc>ur Cou.nter Cards) Page 2 
P, C,, C a r d  NO,  9 & 10 ( 2  Amp-BOUT* G ( > u ~ l t e  r C a r d s )  Page i 
Contact,  L o w e r  ' V i e r * ,  #60-7001- 
04-13 V a r i c o n ~  (E  Leo) 
Contact, Upper Tier,  #66--7001- 
05-13 V a r i c o n  (E lcs j  
I n t e g r a t e d  Ckt,  SN7400N (TI) 
I n t e g r a t e d  Ckt, SNT9490N (TI) 
T r a n s f o r m e r ,  H-48 ( U T C )  
Relay,  MRR-IA, 6V, 288$2, 
41F4227' ( S t r u t h e r s d u n n )  K1 
T r a n s i s t o r ,  2N2222 (Mot ,  ) Q1 
Diode,  U T  236 ( U n i t r o d e )  CR1 
C a p a c i t o r ,  22pf ,  15V, K22C15K 
( K e m e t )  D i p p e r  S i l v e r  M i c a  C1 
C a p a c i t o r ,  . 0 0 l p f ,  CDl9FD102J03 
( C D E )  Dipped S i l v e r  M i c a  
C a p a c i t o r ,  100pf, CD15FDlOLJ03 
( C D E )  
C a p a c i t o r ,  - 4 7  Pf, 25V, C e r a m i c  
High K Monolythic  
5CO23474X025 0B3 ( S p r a q u e )  
R e s i s t o r ,  4,'7 K, 1 / 4 ~ ,  5% 
R e s i s t o r ,  2K, 164 W ,  57'0 R9 
R e s i s t o r ,  24K, 11'4 W ,  57'0 R 11 
R e s i s t o r ,  510Qs l / 4 W ,  57'0 
R e s i s t o r ,  430812, 1 /4  W, 5'70 
R e s i s t o r ,  Z,7K, 1 I 4  V?, 5% 
R e s i s t o r ,  2, 2K, I f 4  W, 570 
Res i s to r ,  iOK, i / i iV i i i ,  5% 
Resis tor ,  150, i / 4 W ,  57, 
P A R T S  L E T  
P, C ,  C a r d  No, 9 & ?O (2 Amp-Hour Counter Cards) P a g e  2 
<" 3 9 ( ~ \ . : I I I . ~ . L ~ J ~ L ~ ~ . ; J .  8; f . ) t : lb:- :  ; ~ ~ ~ ~ . : f , ~ - ; ~ ~ : t ~ ~ + )  p a g e  1 
C o n t a r t ,  Upper  'Tae  r, #60-1001- 
05- 1 5  Vailt-oil (k:ico) 
I n t e g r a t e d  ';kt, SN'7400N ( T I )  IC 1, IC 2, 
IC 3 
I n t e g r a t e d  Ckt,  SN4440N ( T I )  IC 4,  IC 6 
I ~ ~ t e g r a t e d  (;Ltt, SN1473N ( T I )  IC 5 
Ope r a t i o n a l  Ainplif ie r ,  LM201, Al ,  A3, A4, 
Nat ,  S e m , )  A5, A7, A 8  
O p e r a t i o n a l  A m p l i f i e r ,  Model  A2, A 6  
4.49A (Analog D e v i c e s )  
T r a n s i s t o r  ZN367'7 ( C r ~ s t a l o n i c s )  Q2,  Q3, Q5,  
Q 6  
T r a n s i s t o r ,  2N2907 (Mot .  ) Q l ,  Q 4  
Diocle, IN4446 (GE)  
I Diode,  lN104A ( P K )  
I 
I 
CRl ,  CR2,  
CR5,  C R 6  
C a p a c i t o r ,  30pf, ElNlOED300J03 
( E l m e n c  o) 
C a p a c i t o r ,  . Olpf 
C Y F M  Gl,rss 
(Corn ing  G l a s  s \vorks )  
C a p a c i t o r ,  22Ck.f, 35 11, K22C35K 
( K e m e t )  
Capacitor, i ,%pf,  15 V, K%%Ck5K 
(Kenie t )  
p13- (;* Card  No, 11 (Mrll t iplicr  R Prrlse Subtractor) P a g e  2 
T r i m  P o t e n t i o n m e t e r ,  1K , K7, K15, K 3 3  
Helipot H e l i t r i m ,  77PR 
K e s i s t o r ,  RN60D, Me ta l  Film, 
114, 17'0, lO.OK, ( E l e c t r a )  
R e s i s t o r ,  RN60D, Me ta l  Film, K5, K27, K28 
1/4W, 170, 5 . 1  l K ,  ( E l e c t r a )  
R e s i s t o r ,  RN60D, Me ta l  F i l m ,  
1/4W, 170, 18.2K,  ( E l e c t r a )  
t o r ,  R N ~ O D ,  Me ta l  F i l m ,  
, 170, 16. 2K ( E l e c t r a )  
s i s t o r ,  RN60D, Me ta l  Film, 
4W, 170, 8.06K, ( E l e c t r a )  
OD, Me ta l  F i l m ,  K17, K19, K39 
OK, ( E l e c t r a )  
t o r ,  RN60D, Me ta l  F i l m ,  &16, A20, K39 
, 170, 30. l K ,  ( E l e c t r a )  
e s i s t o r ,  RN60D, Me ta l  F i l m ,  
/4W, 170, 3 .  OK, ( E l e c t r a )  
PARII.'S l.,LSrr 
P, c, Ccird No, I I ( ~ ~ u u f i . p l i e r  & Pulse  S c b t r a ~ * . ~ r )  Page 3 
:: Morircted on Cha s s i  s 
/lrrtegi*ated Clct, S1V7410N ('1'1) 
1 
I 
1U13e ratxoi~ai Amplsf ie  i*, 1 ,hdLOI, 
1 (Nat. Sen** 
Operational Almpfifie r, Model  
1 1 4 U ,  (Analog 1 ) c v i c r s )  S 
1' jOpe rational f\naplifie r., Model 1 211 (Analog Llevices) 
1 
~'L'r;~nsistor, 23illZLZ2 (Mot, ) 1 
/ l l 'ransistor, 2f.12307 (Mot, )
1 ,-7 1 ransi:;toja, LN3372, S i 1 ~ 0 n . l ~  
1 
Gspacilai., %2p1', Dipped. S i l v t .  r 
g M i c a )  C71115CL)%20LTOJ (CDE:) 
B 
i ~ a ~ ~ a c i t o r ,  J - . LZ\-4i;, R/IFP, 






C22, 0 4 ,  DQ 
n;r, 
R "  
Lj +3 




P, C ,  C a r d  No, I 2  ( C u r r e n t  Tirne in l eg ra to r )  Page  2 
I Capac i t o r ,  22pf ,  15V, K22C15K, ( K e m e t )  
Capac i t o r ,  .022pf ,  25V, C e r a m i c  
Monolythic,  3C023223K0250A3, 
(Spraque)  
T r i m  P o t e n t i o m e t e r ,  lK, Hel ipot  
He l i t r im ,  77PR 
I T r i m  P o t e n t i o m e t e r ,  50K, Helipot He l i t r im ,  77PR 
R e s i s t o r ,  RN60D, Me ta l  Film, 
114 W, 1% 75. OK ( E l e c t r a )  
R e s i s t o r ,  RN60D, Me ta l  Film, 
114 W ,  170, 36.5K, ( E l e c t r a )  
I R e s i s t o r ,  RN60D, Me ta l  Film, 114 W, 170, 20. OK ( E l e c t r a )  I R e s i s t o r ,  RN60D, Me ta l  Film, 114 W, 170, 30.1K ( E l e c t r a )  
IRes i s to r ,  TBD, 1 /4W,  5%, Comp.  
R e s i s t o r ,  loOK, 1 /4W,  570, Comp.  
R e s i s t o r ,  12K, 114 W ,  570, Comp.  
R e s i s t o r ,  8. 2K, 114 W, 57'0, C o m p  
I ~ e s i s t o r ,  2.4K, 114 W, 5'70, Comp.  
R e s i s t o r ,  4 7 0 ~ ~  1 /4W,  5%, 
Comp.  
Re ' s i s to r ,  5.1K9 1 / 4 ~ ,  570, 
C omp.  
R e s i s t o r ,  620K91/4 W ,  5010, Comp.  
R e s i s t o r ,  1 0 0 0 ,  114 W, 570, Comp.  
R e s i s t o r ,  47 n, 114 W ,  570, Comp,  
R e s i s t o r ,  2K, 1 / 4 ~ ,  570, Comp,  
P G  Mounting T e s t  Points ,  Y e l ( l ) ,  
l ab (>  F 
P A R T S  L E T  
P, G, Card  No, 1 2  (Carrent Time hL-;tegrt;"cor) Page  3 
P A R T S  &&'I' 
P, G, C a r d  No. i 3  ( C o n t r o l  C i r c u i t  8r C u r r e n t  Buffer)  P a g e  I 
---- 
I T E M  
- 
DESCRIPTION 
Contact ,  L o w e r  T i e r ,  #60-4001-  
04-13 V a r i c o n  ( E l c o )  
Contact ,  U p p e r  T i e r ,  #60-7001- 
05-13 V a r i c o n  ( E l c o )  
I n t e g r a t e d  Ckt ,  SN7400N ( T I )  
I n t e g r a t e d  Ckt ,  SN7440N ( T I )  
I n t e g r a t e d  Ckt,  SN7473N ( T I )  
O p e r a t i o n a l  A m p l i f i e r ,  Model  211 
(Analog Device  s )  
T r a n s i s t o r ,  2N2222 (Mot .  ) 
Diode, IN4446 (GE) 
Diode,  IN3595 ( F a i r c h i l d )  
C a p a c i t o r ,  22pf ,  15V, K22C15K, 
( K e m e t )  
C a p a c i t o r ,  ZOOpf, Dipped  S i l v e r  
Mica,  CD15FD201J03 ( C D E )  
C a p a c i t o r ,  10 Uf, ZOV, KlOJ20KS 
( K e m e t )  
C a p a c i t o r ,  6 . 8 p f ,  35V, K6R8J35E 
(Kerne t )  
C a p a c i t o r ,  .01'pf, 25V, C e r a m i c  
High K Monolythic ,  
3C023103X0250A3 ( S p r a q u e )  
C a p a c i t o r ,  22pf ,  35V, K22C35K 
( K e m e t )  
T r i m  P o t e n t i o m e t e r ,  5K, - 
Helipot  H e l i t r i m ,  7 7 P R  
T r i m  P o t e n t i o m e t e r ,  5OM, 
Hel ipot  He l i t r i rn ,  77PR 
Q l  t h r u  Q 8  
CR7,  CR8, CR9 
CR1, C R 2  
C1, C10 
Pe C ,  C a r d  No, 13 (Control. C i r c u ~ t  & Curaen l .  Buf fe r )  P a g e  2 
R e s i s t o r ,  RN60D, M e t a l  F i l m ,  R1 
114 W ,  170, 1.00K ( E l e c t r a )  
R e s i s t o r ,  RN60D, M e t a l  F i l m ,  R 2  
114 W ,  196, 97.6K ( E l e c t r a )  
R e s i s t o r ,  TBD, 1 / 4 W ,  50/oo, Comp.  I 
R e s i s t o r ,  TBD, 1 / 4 W ,  570, C o m p  
R e s i s t o r ,  4.7K, 114 W ,  570, Comp.  4,,M5,K16,M5 
9,J3!30,H51,K52 
R e s i s t o r ,  12K, 114% 570, Comp.  I 
R e s i s t o r ,  24K, 1 / 4 W ,  57'0, Comp.  R17, R18, R29 I 
R e s i s t o r ,  680 a, 114 W, 570, R19 
C omp. 
R e s i s t o r ,  22K, 1 / 4 W ,  5 7 0 ~  Comp.  K20, R42, R43  
R e s i s t o r ,  lK, 1 / 4 W ,  570, C o m p ,  R21, R25, R26 
R e s i s t o r ,  1.5K, 1 / 4 W ,  5%, Comp.- 2,&6,R47&53 P 
R e s i s t o r ,  2.4K, 114 W, 570, Comp.  
R e s i s t o r ,  4 7 0 a ,  1 / 4 W ,  50/0, R24, R27, R30 
C o m p  . 
ii R e s i s t o r ,  lOK, 1 / 4 ~ ,  570, Comp.  R28 
R e s i s t o r ,  8 2 0 0 ,  1 / 4 W ,  57'0, R31, R 3 2  
C omp. 
P C  Mounting T e s t  P o i n t ,  
( o n e  R e d ,  one B l a c k )  
C a p a c i t o r ,  30pf. 500V, C13 
CD15ED300 J03  (CDE) ,  Dipped 
S i lve r  M i c a  
C a p a c i t o r ,  . B p f ,  500V e r i e  C11, C12 
F'AtXTS 1,L";'r 
P. C. G a r t l  No. 14 (Power  S~ipply- & V d l t a g e  Buf fe r )  Page  1 
Contact ,  Lower T i e r ,  
#60-7001-04- 13 Var icon  (E lco )  
Contact ,  Upper T i e r ,  
#6O-7001-04- 13 Var icon  ( ~ l c o )  
( POWER SUPPLY I Integrated Ckt, SN7400N (TI )  IC 1 
I T r a n s i s t o r ,  2N4395 (RCA) Q l ,  Q2 
Diode, UT236 (Unitrode)  
Diode , lN26 14 (GE)  
Diode, U25217 (Unitrode)  
Diode, 1N4733A (Mot. ) 
Diode, W 704A (IR) 
I Diode, IN4734 (Mot. ) CR10 
Capaci tor ,  150yf,  30V, C2, C3, C8, C9 
W F  150-30C3M (Tans i to r )  
Capac i tor ,  500 y f ,  10V, 6 4 ,  C5, C6, C7 
390507GOlOEj4 (Spraque)  
R e s i s t o r ,  8200 ,  1  /2W, 5O/oComp. 
R e s i s t o r ,  1000 ,  1  /4W, 5"/&Comp. 
R e s i s t o r ,  2 0 0 ,  1/4W, 50/oComp. 
R e s i s t o r ,  1500 ,  1/4W, 570Comp. 
R e s i s t o r ,  8 2 0 0 ,  1  /4W, 5%Cornp. 
R e s i s t o r ,  10K0,  1 /4W, 50;loComp. 
Heat  Sink, 6401, The rma l loy  
Diode, 1N1201 CR3, CR4 
I 
R e s i s t o r ,  8 2 0 0 ,  1 /ZW, 50/oConlp. 
R e s i s t o r ,  62K, 2 W ,  57'0 Cornp, 
:: Mounted on Chass i s  
PARTS L E T  
P, i;, C a r d  NO, 14 (Power  Supply tL fo l tage  Buffer) Page 2 
:: h40unted on Chassis 
P, C, C a r d  No,  14 ( P o w e r  Supply & Vo l tage  Suf fe r )  Page  T! 
Chla ssis  Page  i 
Line Cord ,  17236-SV- (Beldeinj 
Line F i l t e r  Choke, 7825 (Mi l l e r )  
Fuseholder ,  342001 (Li t t le fuse)  
Switch, Fuse ,  P i l o t  Light, 
F C B - F  (Rowen) 
T r a n s f o r m e r ,  BX5420 (Bal t ,  
T r a n s f o r m e r  Co. ) 
[ p o w e r  Supply, NPS-300 (Ph i lb r i c  
I ~ r i d ~ e  Rect i f ie r  (Serntech) 
Capaci tor ,  15 0 pf, 25 OV, TVL1540 
(Spraque)  
Switch, Rotary,  PA2022 
(Cent ra lab)  
Switch, P u s h  Button, 3391-CL, 
(Arrow-Har t )  
Switch, Toggle, MST105D 
(Alcoswitch) 
Switch, Rotary,  PA2011 (Cen t r a l a  
Switch, Rotary ,  PA2002 (Cen t r a l a  
Meter ,  Type 1622, 0-1 DCMA 
(Simps on) 
Binding Pos t ,  224BB (He  H. Smith)  
Connector,  00L7015-059-218-001 
(Elco)  
Connector,  MS3102A10 S E - 4 P  
Connector,  57-405 00 (Amphenol) 
Connector ,  MS3102A 20-29 
Connector,  MS3102A-14s-6S 
Beze l  A s s E y y . ,  SFB34-S4-6 
wlSK182, Socket, 6 W i d e  
PARTS L E T  
c7'hassis Page 2 
Chass i s  Page  3 
SECTION 10 
TIMING TEST SWEETS 
WATT HOUR METER TI @ 
The following tes t s  check the accuracy, drift, and operation of the Wate- 
Hour Meter, The technique used to obtain a n  accurate t ime interval  for 
a measurement i s  to apply V and then apply IIN simultaneously with IN 
starting the clock o r  stopwatch Then IIN i s  disconnected precisely at  
the end of the measurement period and the readings on the counters a r e  
recorded. Since the counters operate only when IIN i s  connected, the 
measurement period can be fairly controlled by this means. The resulting 
measurements a r e  more  accurate than those obtained by trying to read the 
N i g e  E s p l a y  while it i s  counting, 
V~~ IaN Time Volts Amps Nominal Actual % Nominal Actual 70 
( vG6s )  (Gv) (min) 
--- PP 
Amp-Hr E r r o r  Watt-Hr Watt-Hr Error  
-* 
- - .-- 
- i 2 , o o  + l o o , ~  6 30v 10A f 1,000 1.002 - 10.00 1 0 . 0 8  
Short Short 6 300v lO0A f zero  
. .-
-9z zero 
WATT HOUR METER TIMING TESTS 
The  following t e s t s  check the  accuracy ,  dr i f t ,  and operat ion of the  Watt- 
Hour Meter .  The  technique u sed  t o  obtain an accu ra t e  t i m e  i n t e rva l  fo r  
a m e a s u r e m e n t  i s  t o  apply V and then  apply IIN s imul taneously  with IN 
s ta r t ing  the  c lock o r  stopwatch. Then IIN i s  disconnected p r ec i s e ly  at 
the  end of the m e a s u r e m e n t  pe r iod  and the  readings  on the counte r s  a r e  
r e co rded ,  Since the  coun t e r s  opera te  only when IIN is connected,  the 
m e a s u r e m e n t  pe r i od  can  b e  fa i r ly  control led  by t h i s  means .  The  r e s u l t i ~ g  
m e a s u r e m e n t s  a r e  m o r e  accu ra t e  than  those  obtained by t ry ing  to r e a d  the 
Nixie Display while it is  counting, 
7 T 
' IN IIN T i m e  Volts  Amps  Nominal  Actual  ?I Nominal  Actual  $1 
( va t s )  (mv)  (min)  
"- --
Amp-Hr E r r o r  Wat t -Hr  Watt-Hr E r r o r  
- -- 
-3 ,000  f l 0 0 . 0  6 3v lO0A t l O . O O O  t 30.00 
-- -- 
43.000 -100.0 3 3v 100A - 5.000 - 15.00 
-- 
- 3.000 .- 100,O 3 3v 100A - 5.000 t 15.00 
- -- 
t. 3800 -i- 10.0 6 3v 100A t 1.000 t .30 
- -- 
1- 30.00 -t-l,000 6 30v l0OA f . lo0 t 3.00 
-- 
- k O , O O  tl0O. 0 6 3 0 ~  1OA t 1.000 - 10.00 
- -- 
Short  Shor t  6 300v l00A t z e r o  & z e r o  
- -- 
WATT HOUR METER TIMING TESTS 
The following t e s t s  check the accuracy,  'dr i f t ,  and operation of the Watt- 
Hour Meter ,  The technique used t o  obtain an accura te  t ime  in te rva l  fo r  
a measurement  i s  to  apply V and then apply IIN simultaneousEy with IN 
s tar t ing the clock o r  stopwatch. Then IIN i s  disconnected prec ise ly  a t  
the end of the measurement  period and the readings on the counters  a r e  
recorded,  Since the counters  operate only when PIN i s  connected, the 
measurement  per iod can be  fa i r ly  controlled by th i s  means.  The result ing 
measu remen t s  a r e  m o r e  accurate  than those obtained by trying to r ead  the 
Nixie Display while it i s  counting. 
'ii TN HIT\$ T ime Volts Amps Nominal Actuai Nominal Actual 07) 
(volts)  (mv) (min) 
--
A r n p ~ H r  E r r o r  Watt-Hr Watt-Hr Errer 
- -  
~--- 
- l8,00 -t100.0 6 30x7 10A t 1,000 - 10 . 00 
- --- 
Short Short 6 300v 10OA t z e r o  6 z e r o  
- -  
